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Cytomegalovirus: a cause of persistent latent
infection
H. STERN
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Leinniki, Heinonen, and Pettay, 1971). These in-
fections of early childhood are followed by persistent
and prolonged excretion of virus in the throat and
urine, lasting commonly for two or three years or
more. Congenital infections also result in long-term
excretion of virus (Weller and Hanshaw, 1962). On
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life when, as shown by antibody studies, cytomegalo-
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occurs in them despite often high levels of circulating
neutralizing antibody. Cytomegaloviruses are un-
usually resistant to interferon and are also poor
inducers of interferon in vitro (Osborn and Medea-
ris, 1966; Glasgow, Hanshaw, Merigan, and Petralli,
1967). However, this cannot be the whole explana-
tion, especially as children who are chronic excretors
ofcytomegalovirus show normal interferon responses
to challenge with other viruses (Glasgow et al, 1967).
Cell-mediated immunity mechanisms are probably
more important for the final eradication of virus-
infected cells in the body and these mechanisms may
still be immature or are perhaps more easily damaged
in early childhood. Certainly when primary infection
occurs in adults undergoing intensive immuno-
suppressive therapy for leukaemia or Hodgkin's
disease or for organ transplantation they too excrete
virus for prolonged periods of time (Duvall,
Casazza, Grimley, Carbone, and Rowe, 1966;
Kanich and Craighead, 1966). Prolonged excretion
also occurs in otherwise healthy women who have
experienced primary infection during pregnancy and
have given birth to infants with neonatal cytomegalic
inclusion disease (Medearis, 1964). Physiological
immunosuppression due to increased steroid levels
may be the reason here.
The methods of spread of cytomegalovirus in-

fection are still poorly understood. In individuals
with active infection virus is excreted into the throat
and urine, onto the cervix in women, and in pregnant
women even in the milk (Alexander, 1967; Diosi,
Babusceac, .Nevinglovschi, and Kun-Stoicu, 1967).
However, the relatively slow spread of infection
among schoolchildren indicates that the virus is not
highly contagious by the ordinary respiratory drop-
let route, perhaps because of its known lability out-
side the body. That spread can occur by this route
and perhaps also by the urine-hands-oral route is
shown by studies of children kept under close living
conditions. In boarding schools and orphanages as
many as 50-80% of children may have cytomegalo-
virus antibodies, compared with only 15-20% of
children of the same ages attending day schools
(Stern and Elek, 1965). Efficient cross-infection
probably requires direct contact, and the prevalence
of infection in adolescents and young adults suggests
that cytomegalovirus infection is essentially a
'kissing disease', similar to infectious mononucleosis.
Excretion of cytomegalovirus on the cervix makes
sexual intercourse a further possible method of
spread. This is well established for herpes simplex,
but cytomegalovirus has not yet been isolated from
the male genital tract. Nevertheless, the significantly
greater frequency of congenital infection in babies
born to very young unwed mothers than to married
women in general (Starr, Bart, and Gold, 1970;
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Walker and Tobin, 1970) is indirect evidence for the
importance of sexual contact, whether kissing or
intercourse, for transfer of infection; the former
women are likely to have been more promiscuous
than older married women and would thus have been
exposed to a greater risk of infection.
Another important method spread is by blood

transfusion (Kaariainen, Klemola, and Paloheimo,
1966). Cytomegalovirus can be isolated from the
white blood cells of patients with active infection,
including cases of neonatal cytomegalic inclusion
disease, adults with cytomegalovirus mononucleosis,
and patients undergoing immunosuppressive treat-
ment for leukaemia (Stulberg, Zuelzer, Page, Taylor,
and Brough, 1966; Harnden, Elsdale, Young, and
Ross, 1967; Lang, Scolnick, and Willerson, 1968). In
all these, the virus persists in the blood cells, pro-
tected from serum antibody, for many weeks or
months. Similar infection of leucocytes occurs in the
subclinical infections of otherwise healthy adults;
virus has been isolated from 5% of blood donors,
who may carry the virus in the blood without
demonstrable excretion in the urine (Diosi,
Moldovan, and Tomescu, 1969). How long this
latent blood carriage lasts in healthy persons,
whether for life or for a shorter period, is unknown,
but the presence of virus in the blood of some donors
accounts for the occurrence-of most cases of the so-
called 'postperfusion syndrome'. Indeed, in open-
heart operations, which require large amounts of
fresh blood from multiple donors, as many as 60%
ofpatients without cytomegalovirus antibodies before
operation acquire them after the operation (Palo-
heimo, von Essen, Klemola, Kaariainen, and
Siltanen, 1968). In other kinds of operations,
needing the more usual 1-3 pints of blood, the
frequency of primary infection is 5-10% (Stern,
unpublished). The risk of infection is greatest with
fresh blood, because of the lability of the virus, but
infection can occur also with blood stored for 24 to
48 hours (Stevens, Barker, Ketcham, and Meyer,
1970; Prince, Szmuness, Millian, and David, 1971).
The foetus and the newborn baby can be infected
similarly by exhange transfusions for blood group
incompatibility (King-Lewis and Gardner, 1969;
Luthardt, Siebert, Losel, Quevedo, and Todt, 1971).

Cytomegalovirus, like other herpesviruses, persists
in the body as a latent infection. Whether well persons
carrying such latent infection experience recurrent
reactivations, such as occur with herpes simplex, is
as yet unknown. Such reactivations could, of course,
play an important part in the spread of infection. The
chance of isolating cytomegalovirus from the throat
or urine of healthy older children or adults is less than
1% (Stern, 1968). It may be somewhat higher in the
case of the cervix. In a study of 108 unselected
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women admitted to the gynaecological wards of St
George's Hospital for generally minor illnesses,
cytomegalovirus was isolated from the cervix of two
out of 39 (5%) women aged 15-30 years, but from
nine of 69 women aged 30-65 years. One of the cervix
excretors also had virus in the throat but no urine
excretors were found. Both excretors possessed
complement-fixing antibody when first examined and
both had also cytomegalovirus IgM antibody,
indicating that they were probably undergoing
primary infections. Cervical excretion in young
women has also been reported by Walker and Tobin
(1970) in Manchester. There is, therefore, little
evidence for reactivation in the general population,
but this undoubtedly occurs in pregnancy.

In London, primary cytomegalovirus infection
affects 1-2% of pregnant women; about half of these
women excrete virus in the urine and give birth to
congenitally infected infants (Stern, 1971). A similar
proportion ofwomen excrete cytomegalovirus during
pregnancy but they already have antibody before the
onset of pregnancy and show no significant rise in
titre subsequently; they produce healthy babies who
are not infected with cytomegalovirus. These are
undoubtedly examples of reactivation of latent
infection, the preexisting antibody protecting the
foetus from intrauterine infection. The frequency of
reactivation in London was found to vary from 0 7%
in white pregnant women to 2-9 % in immigrant
Pakistani women. This is in accord with the amount
of latent infection in the two populations, since 60%
of white women attending antenatal clinics have
antibodies as compared with 90% of the immigrant
women. Several groups of workers in Europe and the
United States have confirmed that 2-3% of pregnant
women excrete cytomegalovirus in the urine and on
the cervix, without any infection of the foetus
(Shinefield and Eichenwald, 1968; Hildebrandt, Sever,
Margileth, and Callagan, 1967; Krech, Jung,
Barlocher, and Sege, 1968; Feldman, 1969; Mc-
Cracken, Shinefield, Cobb, Rausen, Dische, and
Eichenwald, 1969; Foy, Kenny, Wentworth, Johnson,
and Grayston, 1970). In Japan and Taiwan as many
as 18-20% of pregnant women excrete virus on the
cervix (Alexander, 1967; Numazaki et al, 1970).
Women undergoing reactivation of latent cyto-
megalovirus infection continue to excrete virus for
some time after term, and its presence in the throat
and in the milk probably provides the main source of
early postnatal infection; most infections of early
childhood occur within the first three to nine months
of life, soon after the loss of passively transferred
maternal antibody (Alexander, 1967; Stern, 1968;
Levinsohn, Foy, Kenny, Wentworth, and Grayston,
1969; Walker and Tobin, 1970; Numazaki et al,
1970). It is perhaps significant that the presence of
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cytomegalic cells in the parotid glands has been
reported almost exclusively in infants aged 2-7
months, coinciding with the period of breast feeding
(Diosi et al, 1967; Ten Bensel and St Geme, 1968).

Reactivation of latent infection in pregnancy may
be due to the increased steroid levels of pregnancy.
A more potent method of reactivating all kinds of
latent infection, including that of cytomegalovirus,
is the intensive immunosuppressive therapy now
used for leukaemia and Hodgkin's disease and for
kidney and liver transplantation. Fifty to 600%
or more of all patients undergoing such treatment
excrete cytomegalovirus in the throat and urine and
at necropsy show cytomegalic cell formation,
particularly in the lungs but sometimes generalized
(Sullivan, Hanshaw, Cangir, and Butler, 1968;
Craighead, 1969; Murray-Lyon, Evans, Foster,
Holden, Rake, Stern, Caine, and Williams, 1970).
Most of them have antibody before the start of treat-
ment, and reactivation usually occurs during the
second month. Antibody titres rise and often reach
very high levels which may be maintained until the
time of death. Some patients, of course, particularly
children, are without antibodies before treatment and
they may undergo primary infections, either from fre-
quent blood transfusions or perhaps by contact with
other patients excreting virus in treatment clinics or
hospital wards. Reactivation of latent infection may,
in fact, be more common than is realized in debilita-
ting diseases, even apart from immunosuppressive
therapy. Craighead (1971) has isolated cytomegalo-
virus from the lungs of 12% of unselected adults who
had died ofvarious diseases; histological examination
usually failed to find cytomegalic cells.

Cytomegalovirus has relatively low pathogenicity
for man (Table). The great majority of acquired
infections are asymptomatic. Only rarely does illness
occur, taking the form of a Paul-Bunnell-negative
infectious mononucleosis (Klemola, von Essen,
Wager, Haltia, Koivuniemi, and Salmi, 1969).
Even when infection is by the intravenous route,

Group Illness

>5 yr Paul-Bunnell-negative infectious mononucleosis
Postperfusion syndrome

<5 yr Disturbances of liver function
? respiratory illnesses

Intrauterine Neonatal cytomegalic inclusion disease
infections Incomplete neonatal syndrome

Mental retardation and microcephaly
Reactivations in ? abortion and miscarriage
pregnant women ? small for dates babies
Patients on ? pneumonia
immuno-
suppressive
therapy

Table Illnesses associated with cytomegalovirus infection
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that is by blood transfusion, only afewoftheresulting
primary infections, perhaps 10% of them, lead to the
'postperfusion syndrome' (Paloheimo et al, 1968).
The early postnatal infections are also mainly
asymptomatic, despite the continuing viruria,
although some of the infants show transient dis-
turbances of liver function and may suffer respira-
tory illnesses (Hanshaw, Betts, Simon, and Boynton,
1965; Stern, 1968). However, the full significance of
these early chronic infections, particularly with
regard to brain damage, awaits elucidation. The
most important primary infection is that occurring
in pregnancy because of the chance of foetal damage.
Cytomegalovirus is the commonest known con-

genital infection and 0.5-1.0% of babies excrete the
virus at birth (Stern, 1968; Hanshaw, Steinfeld, and
White, 1968; Starr et al, 1970; Walker and Tobin,
1970). The consequences of congenital infection
range from inapparent infection with viruria to fatal
neonatal cytomegalic inclusion disease. The latter
syndrome is fortunately rare. Most infected babies
are either apparently healthy at birth or have only
mild illnesses from which they soon recover.

Nevertheless, some of them, as many as 100%, are

subsequently mentally retarded and microcephalic
(Stern, Elek, Booth, and Fleck, 1969). Whether the
reactivation of latent infection which occurs in
pregnant women is ever clinically significant is
uncertain. Foetal infection in successive pregnancies
has been recorded (Embil, Oyere, and Haldane, 1970)
but is most exceptional. However, infection on the
cervix may indirectly contribute to abortion and
miscarriage and to delayed development of the foetus
(Levinsohn et al, 1969; Berenberg and Nankervis,
1970; Starr et al, 1970; Foy et al, 1970). The role
of cytomegalovirus infection, whether primary or

reactivation, in patients on immunosuppressive
therapy and its influence on the course of the
underlying disease has also proved remarkably
difficult to evaluate, particularly as the cytomegalo-
virus is more often than not only one of several
agents infecting the patient.

Cytomegalovirus, which until recently was largely
unknown to most clinicians and mentioned by most
textbooks only in small print, is, in fact, a widely
distributed agent possessing a complex, and as yet
largely undetermined, range of clinical activity.
Even only as a preventable cause of mental deficiency
it deserves much intensive study.
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